In this study we investigate the neural basis of emotional content in self-referential processing by using a combination of off-line repetitive Transcranial Magnetic Stimulation (rTMS) applied to the medial prefrontal cortex (mPFC) and whole-brain functional Magnetic Resonance Imaging (fMRI).We applied effective or ineffective (sham) 1-Hz rTMS to the mPFC of 14 healthy participants who immediately thereafter underwent fMRI while performing a personality attribution task to self or to others. rTMS produced an increase in the participants' reaction time (≈ 60 msec) when processing negative attributes. The neuroimaging findings indicated the involvement of a network of cortical nodes distant from those at the stimulation site; these distant nodes showed task-specific changes in blood oxygen level-dependent (BOLD) activity after effective TMS. The posterior cingulate cortex seemingly encoded the negative dimension of stimuli, but it did not differentiate between self or other. On the contrary the left angular gyrus and the left anterior temporal cortex showed changes indicating encoding of negative self-directed categorization. The mPFC region did not show effects of rTMS along the self-other dimension, but only along the affective dimension. The results indicate that the mPFC is a pivotal node in a cortical network that supports affective referential reasoning. Therefore, a key function of mPFC seems to be related to the processing of negative attributes. In the other nodes of the network the two dimensions of self-other attribution and affective attribution are partially independent, but largely overlapping with different degrees of local specialization.
Introduction
Humans have the capacity to reflect on themselves, consciously evaluating self-relevant information and attributes . Studies on the neural basis of selfreflection have focused on the brain processes that individuals activate to decide whether cues appropriately describe the individual or not (van der Meer et al. 2010) . Under these behavioral conditions, the anterior portion of medial prefrontal cortex (mPFC; Brodmann's Area 10) -an area in part belonging to the so-called default-mode network -is consistently found to be active (Gusnard et al. 2001; Johnson et al. 2009; Whitfield-Gabrieli et al. 2011; Qin and Northoff 2011) , also in concert with subcortical areas (Northoff et al. 2009 ). Indirect evidence for other behavioral tasks indicates that this prefrontal node is preferentially associated with self-reflection. The mPFC has been consistently found more active in association with autobiographical memory tasks (Cabeza and St Jacques 2007) , reward value processing (Kringelbach 2005) , emotional processing (Etkin et al. 2011) , suggesting that it has a key role in the processing of self-related internal information also in the affective domain (Kelley et al. 2002; Moran et al. 2006 ; Uddin et al. 2006; Molnar-Szakacs et al. 2005; Fossati et al. 2003) .
An important open question concerns the specificity of the mPFC activations relative to the emotional valence of the selfdirected thought. Previous studies have found that depressed patients show hyperactivity in the mPFC during the selfreferential processing of negative words, and its activity during self-referential processing of the negative stimuli was correlated with the severity of the depressive symptoms (Yoshimura et al. 2010) . Self-focus in depression has been interpreted as a process competing for brain resources due to a lack of inhibition of the default mode network, bringing to its increased activation during ruminative thoughts (Hamilton et al. 2011) , and to less efficient externally-oriented cognitive processes (Lemogne et al. 2012) . The mPFC area has been found to be less active in studies on mindfulness (Brewer et al. 2011 ), a form of mental training consisting in deliberately learning to reduce mind-wandering. While mind-wandering appears to be a cause of unhappy feelings (Killingsworth and Gilbert 2010) , on the contrary mindfulness training in the long run has the net effect of changing emotional reactivity to negative events towards a more positive and benign reframing (Grecucci et al. 2015) .
Another issue regarding the role of mPFC concerns the specificity of this area in processing information related just to oneself. In an extensive review of studies on self-related processing of information (Gillihan and Farah 2005) , Gillihan and Farah argued that, based on previous evidence, the activation of mPFC might not be specific to the self, but rather might be a function of the amount and type of knowledge about the referent, and thus it might be also involved in processing information about others. More recently, several studies have indeed found that this area is also active when processing information about a close-other (friend) and even a distant other (the prime minister) (Yaoi et al. 2009 ).
Given the above-mentioned uncertainty on the function of mPFC we conducted an ad-hoc experiment to evaluate the effects of a Bvirtual lesion^produced by repetitive transcranial magnetic stimulation (rTMS) on the mPFC on a factorial task that explored orthogonally both the negative-positive dimension and the self-other dimension. For this purpose an Boffline virtual lesion^paradigm was used (Robertson et al. 2003; Walsh and Rushworth 1999) . The effects of 1 Hz rTMS (used in the present study) on behavior are conventionally thought to be inhibitory, hence the idea of a virtual lesion. Our main hypothesis in this study was that using a factorial task that includes as orthogonal dimensions the self-other distinction and the positive-negative distinction we could assess separately these two functions. The addition of TMS over the mPFC adds the possibility to test the relation between the stimulated area and the two behavioral functions. In general, four possible outcomes are possible: (1) no effect of TMS on any of the tasksi.e., which would indicate that none of the behavioral functions is affected by stimulation; (2-3) interaction of TMS modality (effective or ineffective) with only one of the two functionswhich would indicate a main representation of that function in the stimulated cortex; (4) a 3-way interaction -which would indicate a shared representation of both categories (referential and affective) in the stimulated cortex. Given that in the literature there are strong views over the specialization of the mPFC in one function or in the other, in this study we had no a priori hypothesis on which of the four outcomes to expect. We instead devised our experimental paradigm to contribute to the disentanglement of the opposing but not incompatible view, with the main goal of clarifying the role of the MPFC in self-referential vs. emotional valence processing.
The effects of rTMS were assessed behaviorally. Additionally, participants were scanned with functional Magnetic Resonance Imaging (fMRI) immediately after the rTMS session, to describe the impact on the whole brain activity produced by disrupting activity in the mPFC. This design allowed us to collect behavioral and imaging data in the time-window in which the effects of effective TMS were still present, and compare them with ineffective stimulation. The considerable advantages offered by the combination of rTMS and fMRI consist in the possibility of assessing with a wholebrain measure the effects of a focal modulation of brain activity (Arfeller et al. 2013; Siebner et al. 2009 ). Using such condition-and-map approach, the finding of interest in areas remote from the stimulated region is that of an interaction between task-dependent BOLD activity and effectiveness (ineffective versus effective) rTMS stimulation. Such a finding indicates that the distant areas of the brain are part of a network that sub-serves the task of interest and that has been perturbed as a whole by means of rTMS.
General methods
Participants Fourteen right-handed participants (7 F, 7 M, age 24-37 years) took part in the experiment, which was approved by the Ethical Committee of the University of Trento. The first language of all participants was Italian. All gave written informed consent to the experiment and were screened for contraindication to TMS (Rossi et al. 2009 ). None had any major internal, psychiatric or neurological disorder (including mood disorders), and all were medication-free at the time of stimulation and scanning.
General design The general aim of the study was to measure the behavioral and haemodynamic effects of 1-Hz rTMS applied to the mPFC. To do so, we applied a so-called Bcondition-and-map^methodology (Siebner et al. 2009 ). In four different runs we applied rTMS to the participants' scalp for 14 min and subsequently had them to perform a series of tasks while measuring their performance and their brain's haemodynamic responses by means of fMRI. The effects of 1 Hz rTMS have been shown to last for a period equivalent to the duration of the stimulation train (R. Chen et al. 1997; W. H. Chen et al. 2003) . Therefore, the rationale of the experimental design was to collect behavioral and imaging data in the timewindow in which the effects of rTMS were still present (Fig. 1) .
The design of the experiment was event-related, factorially designed with a 2x2x2 structure. The 3 within-subjects factors were: A) the TMS condition (2 levels: effective TMS and ineffective TMS), B) the attribution's referent (2 levels: self or other) and C) the emotional valence of the attribute (2 levels, negative or positive). The first factor (hereafter referred to as TMS) was blocked in each of the four TMS/fMRI runs, while the other two factors (hereafter referred to as REFERENT and VALENCE) were randomized in each trial. Two additional tasks which served as control conditions were interleaved with the trials of the main task. The two control conditions were a syllable counting task and a matching task of different attributes to an external non-human entity (the Eiffel tower). After rTMS, the participants were immediately transferred to the scanner. Since different trial types were randomly assigned, participants were informed at the beginning of each trial which tasks were to be performed. They had to quickly decide whether an adjective (e.g. BSelfish^or BFunny^or BFrench^) was (1) appropriate in describing them, (2) appropriate in describing a pre-specified close person, (3) appropriate in describing the Eiffel Tower, or (4) made of more, exactly or less than four syllables. Responses consisted in pressing one of three buttons indicating Bappropriate^, Bnot appropriate^, Bunsure^for conditions 1 to 3, or otherwise Bless than 4 syllables^, B4 syllables^, Bmore than 4 syllables^for condition 4. A schematization of the four task types is shown in Fig. 2 .
The timing of the entire experimental procedure was as follows; (1) 14 min of TMS stimulation (effective or ineffective); (2) an average of 4 min and 5 s (standard deviation of 14 s) to transport the participants on a stretcher from the TMS room to the MR room and start the fMRI acquisition; (3) 7 min and 12 s for the fMRI acquisition; (4) a minimum of 10 min to let the participant walk back from the MR room to the TMS Fig. 1 The top panel (a) shows the flow of data collection of the experiment. We applied effective or ineffective (sham, i.e., the coil was tilted) 1-Hz rTMS to the mPFC of every volunteer, who immediately thereafter underwent fMRI while performing a personality attribution task to self or to others. This sequence was repeated 4 times (2 effective and 2 ineffective, randomly alternating) for each participant. The timings of the experimental design were chosen to collect behavioral and imaging data in the time-window in which the effects of rTMS were still present. In the bottom panel (b), we show the design of the event related design in the fMRI scanner, factorially designed with a 2x2x2 structure. The 3 within-subject factors were: 1) the TMS condition (2 levels: effective TMS and ineffective TMS), 2) the attribution's referent (2 levels: self or other) and 3) the emotional valence of the attribute (2 levels, negative or positive). The TMS factor was blocked in each of the four TMS/fMRI runs, while the other two factors (REFERENT and VALENCE) were randomized in each trial Fig. 2 Four screenshots providing examples of each of the tasks. On the upper panel there is a representation of coil position and actual orientation in the two TMS conditions. The arrow is positioned at the point of contact of the coil with the scalp and is perpendicular to the plane of the coil. In the ineffective TMS condition the edge of the coil was in contact with the scalp and it was positioned over a region away from underlying brain tissue, i.e. the lower forehead room and start the stimulation. This timing, together with the randomization of the block order, ensured that (a) each effective TMS stimulation lasted during the whole fMRI acquisition of each run (given the expected effect duration of at most 14 min, as much as the TMS stimulation), and (b) there was no carry-over effect from one TMS section to the next.
Localization of the TMS target Participants had not performed a structural MRI prior to the experimental session, therefore the localization of the mPFC was made on the basis of probabilistic systems linking the 10-20 scalp coordinates to the underlying cortical structures (Koessler et al. 2009; Okamoto and Dan 2005; Okamoto et al. 2004 ). It should be noted that according to these studies the anterior frontal regions are easy to target from scalp coordinates, because they present the least variability of the scalp-cortex correspondences. The cortical hot-spot for self-versus-other reflections was derived from a meta-analysis (van der Meer et al. 2010) and corresponded to the coordinates x = 0, y = 50 z = −2. By matching these coordinates with probabilistic scalp-cortex atlases, we identified the scalp position to be stimulated as a point 1 cm above the Fpz coordinate of the 10-20 system.
Magnetic stimulation A MagPro stimulator (Medtronic, DK) connected to a MCB-65 figure-of-eight coil was used. Visually assessed resting motor threshold (rMT) for the right distal upper limb was assessed individually according to standard methods (Rossini et al. 1994) , namely it was defined as the intensity required to elicit a visible twitch in the fingers of the right hand in 50% of trials in a series of at least 8 consecutive trials. Biphasic TMS pulses were then applied in single trains at a frequency of 1 Hz at an intensity corresponding to 100% of the rMT. Each train had duration of 14 min (840 stimuli in total). A total of 4 trains were applied in a fully randomized order. In two trains (referred to as Beffective TMS^trains) the focus of the TMS coil was systematically placed with the induced current oriented laterally, i.e. perpendicularly to the inter-hemispheric fissure. (Note that the stimulation was biphasic, therefore the current flowed in both directions at each pulse). In the other two trains (referred to as Bineffective TMS^trains) only the peripheral part of the anterior surface of the TMS coil was in contact with the skin, and it was placed over the midpoint between the two eyebrows (see top of Fig. 2 ). This position was chosen in order to obtain an ineffective stimulation that however produced a cutaneous sensation as unpleasant as the one produced by effective TMS. The first condition was clearly fulfilled because no cerebral tissue is found underneath the ineffective TMS target position. The second condition was made necessary because most participants reported a mild discomfort from effective TMS over such an anterior scalp region. The fulfillment of the second condition was checked post-hoc by asking participants which of the two TMS positions was less comfortable.
The participants were informed that two different sites were stimulated, but were told that both stimulations were potentially efficient in stimulating the brain.
Stimuli and response modalities Verbal stimuli of the experimental conditions were selected such that each participant saw the same list of adjectives, but with a random rearrangement within the levels of the TMS (effective vs. ineffective) x REFERENT (self vs other) factors. For the procedure to select the adjectives, please see the Supplementary material online.
There were two runs after rTMS to the mPFC and two runs after ineffective TMS (order of runs was counterbalanced between subjects). Each run started with a 10 s fixation cross. Then there was a total of 18 trials for each of the four categories (72 trials in total), randomly distributed. Stimuli consisted in one of the four possible task instructions (i.e., the self, other, object or syllabic evaluation), which was presented concurrently with the relative attribute (respectively on the top and at the center of the screen, see Fig. 2 ). During such stimulus presentation, participants had a maximum time of 2200 msec to respond. After response, stimuli disappeared and a central fixation cross was presented for a remaining time of 2500 msec minus the response time. After this trial lasting always 2500 msec, there was a random variable time interval of 2500 msec (50% of trials), 3500 msec (33%), or 6500 msec (17%) between trials (jittering) to better estimate the event-related hemodynamic response on each trial (Ollinger et al. 2001) . Therefore, the total duration of each run (72 trials) was of 432 s (7 min and 12 s). Stimuli were presented with a LCD projector (model 150) on a screen positioned at the head end of the bore. Participants viewed the screen through a mirror attached to the head coil. A button box was used to record participants' behavioral performance. Participants used their right thumb, index and middle finger on a four button MRI-safe pad. For the self, other and object tasks responses consisted of an evaluation of whether the adjective was relevant, irrelevant or neutral relative to the referent. For the syllabic task, responses consisted in judging whether the number of syllables was less, more or equal to four. Notice how errors were possible only in the syllabic task. For this task we asked participants to be quick in their judgments and respond within the given time.
Image acquisition Imaging data were acquired using a 4 T Bruker MedSpec Biospin MR scanner and a birdcage transmit, 8-channel receive head radiofrequency coil. Functional images were acquired with a single shot T2*-weighted gradient-recalled echo-planar imaging (EPI) sequence. We used 37 slices, acquired in ascending interleaved order, slightly tilted to run parallel to the calcarine sulcus, with a TR (time to repeat; the amount of time that exists between successive pulse sequences applied to the same slice) of 2200 msec (voxel resolution, 3x3x3 mm To correct for distortions in geometry and intensity in the EPI images, we applied distortion correction on the basis of the PSF (pointspread function) data acquired before the EPI scans (Zaitsev et al. 2004 ). There were five dummy scans. To be able to coregister the low-resolution functional images to a highresolution anatomical scan, we acquired a T1 weighted anatomical scan (MP-RAGE; 1x1x1 mm 3 ; FOV, 256 × 224 mm 2 ; 176 slices; GRAPPA acquisition with an acceleration factor of 2; TR, 2700 msec; TE, 4.18 msec; inversion time (TI), 1020 msec; 7°flip angle).
Behavioral data analysis The untrimmed reaction times (RTs) were averaged within conditions. The conditions of interest (self or other judgments) were analyzed together in a 2 × 2 × 2 (TMS x REFERENT x VALENCE) design (see above, General Design) repeated-measures ANOVA on RTs as dependent measure. A similar analysis was performed on the 2 control tasks, i.e. the syllable counting and the object tasks, in a 2 × 2 (TMS x TASK) repeated measures ANOVA. All posthoc comparisons were made with Tukey's Honestly significant difference test (HSD).
Neuroimaging data analyses Imaging data analyses were performed with the BrainVoyager Qx 2.1 software (Brain-innovation, NL). For preprocessing of the fMRI data, we performed 3D motion correction with trilinear interpolation and slice timing correction with ascending interleaved order, using the first slice as reference. Functional data were temporally high-pass filtered at 3 cycles/run length. A Gaussian kernel of 8 mm was applied to spatially smooth the images. Next, we aligned the first volume of each functional run to the highresolution anatomy. Both functional and anatomical data were transformed into Talairach space (Talairach and Tournoux 1988) , using trilinear interpolation.
To characterize activation differences between the various conditions we used a General Linear Model (GLM) analysis (percent signal change, no autocorrelation correction). There were 12 predictors in total, namely self negative and positive, other negative and positive, syllabic and object task, each for both ineffective and effective TMS, each starting at stimulus presentation (task instruction plus attribute) and lasting for the maximum response time allowed (i.e., 2200 msec). Predictor time courses were convolved with a canonical hemodynamic impulse response function (2-gamma) starting at the initial fixation for each trial, also including 3D motion correction parameters. For statistical contrasts, we used random effects, and FDR to correct for multiple comparisons (q(FDR) < 0.05, unless otherwise reported) (Genovese et al. 2002) . The contrast weights were always balanced according to the number of trials for each condition. Given the very small percentage of misses and errors (see results), these were non excluded from the analyses.
In a first contrast we looked at effective TMS versus ineffective TMS, by comparing brain activity in all conditions after rTMS to mPFC versus ineffective TMS. Then, in our main contrast, to define regions of interests (ROIs) in which activity was more related to self and other processing of information, we contrasted only in the sham condition (ineffective TMS) self + other (positive and negative) versus object +syl-lable (q(FDR) < 0.01). Fig. 3 The left panel (a) shows a sagittal (x = −5) and coronal (y = −33) T1-weighted MR image of the two participants with extreme values of scalp-pial distance in mPFC (22 mm and 10 mm). The panel also shows the locations of the motor cortex (for assessing the motor thresholds) and the frontal rTMS target, as well as lines representing the calculated distances. The two plots in the figure illustrate the relation between the difference in scalp-brain distance between the motor cortex and the frontal target spot (x axis) and the reaction times to negative attributions (y axis), both other-related (panel b) and self-related (panel c). The difference between the scalp-brain distances is an index of how inappropriate the stimulation intensity was in each individual, because the TMS intensity was calculated on the motor cortex, assuming a similar scalp brain distance on the target cortex. More positive values indicate greater depth of the cortex in the frontal region compared to the motor cortex, ultimately indicating inefficient stimulation ANOVA on ROI data Beta scores were used as the dependent variable in a repeated measures ANOVAs on the ROIs that were defined by the (self negative + self positive + other negative + other positive) > (object + syllable) simple contrast plus the single ROI corresponding to the cortical region targeted with rTMS. Subsequently, beta scores from each of the ROIs were analyzed separately with ANOVAs structured as 2 × 2 × 2 (TMS x REFERENT x VALENCE; see also panel (B) in Fig. 1 ). The possible interaction effects resulting from the ANOVAs were further explored by means of multiple pairwise t-tests, which were corrected for multiple comparisons by using the Bonferroni methods, according to the number of repeated tests.
Notice how the contrast to identify the ROIs does not lead to double dipping (Kriegeskorte et al. 2009 ), because it is orthogonal to the subsequent ROI analyses. In fact, the first contrast identified regions that were more active during person-related (self + other) evaluations of attributes versus the control conditions in the unstimulated brain (sham). In the ROI analyses instead we looked whether there was any effect due to the adoption of TMS, to self vs other activity differences, and to positive vs negative valence of the attributes. These three factors were not used to define the ROIs, thus no circularity is involved.
Results
All participants reported the stimulation to be mildly uncomfortable, but definitely tolerable. None of them abandoned the study due to the discomfort produced by TMS. All of them reported the discomfort from effective TMS and from ineffective TMS to be comparable. No other immediate or delayed undesirable side effects were reported. The mean stimulation intensity was 51% (SD: 8%) of maximum stimulator output.
Scalp-brain distance assessment and post-hoc participant selection As mentioned in the methods, we did not run a first MRI session to record anatomical data, and these became available only after the experimental session was finished. When examining such anatomical images, we noticed that the distance between the modified FPz scalp coordinate and the underlying brain tissue varied considerably according to the size of the frontal sinus. Such distance varied between 10 mm to 26 mm (Fig. 3 shows the two participants with the most extreme values). The determination of the scalp-brain distance was conducted on T1 images (native images, in ACPC alignment). In both points of interest (prefrontal and motor) we performed two sequential steps. A) We first determined the most superficial cortical tissue point. This was made qualitatively on the T1 scan by looking for sudden contrast changes. B) We looked for the spot on the scalp surface that was nearest to the scalp surface by calculating geometrically the distance. This was done on a sagittal plane in the case of the prefrontal cortex and on a coronal plane in the case of the motor cortex.
It is well known that the intensity of the magnetic field produced by the TMS coil decreases with the second power of the distance from the coil itself (Hallett 2007) . It is therefore likely that in subjects with a greater scalp-brain distances we might not have reached the cortex with an effective magnetic field. We had used motor TMS threshold in order to individually calibrate TMS intensities, therefore the discrepancy between the scalp-brain distance on the motor cortex and the scalp-brain distance on the mPFC may have introduced an experimental bias. Therefore, for each subject we computed the difference between the scalp-brain distance on the prefrontal site and the one on the motor cortex, thus obtaining an index of inadequacy of the adopted TMS-intensity. Table 1 shows the scalp-brain distances in all subjects.
We then performed an analysis of correlation between the scalp-brain distance and the RTs of the 12 behavioral conditions, i.e. the 6 conditions of self-negative, self-positive, othernegative and other-positive, object and syllable in the Beffective TMS^and in the Bineffective TMS^modality. Pearson's statistics showed a significant negative correlation between the distance difference and the RTs to self-negative attributions only for the effective TMS data (r = −0.68; p = 0.007) and othernegative attributions (r = −0.73; p = 0.003) (Fig. 3 B and C) .
The p-values of the other correlations were all non-significant (all p-values >0.19). These results represent clear evidence that the scalp-cortex distance was likely to influence the effects of rTMS. In order to correct a posteriori for this experimental bias, we established a cut-off for exclusion of participants with too much difference in the scalp-brain distances between the motor cortex and the mPFC. Whenever the difference of scalp-cortex distances was larger than the 90th percentile of the distribution (assuming a normal distribution of the scalp-brain differences), corresponding to a measure of 4.9 mm, participants were to be excluded. Two participants out of 14 fulfilled the exclusion criterion and therefore we performed all following analyses on the group of the remaining 12 participants.
Behavioral results The percentage of misses and errors was extremely low. Concerning misses, five participants did not respond once, and one participant did not respond twice; concerning errors (possible only in the syllabic task), one participant did three errors, three participants did two errors, and one participant did one error. All the datasets of the RTs proved to be normally distributed according to the Shapiro-Wilks' test (all pvalues >0.15). The ANOVA showed two results of interest. First a significant REFERENTxVALENCE interaction (F(1, 11) = 5.87, p = 0.034) was found. However, post-hoc analysis failed to show significant differences in the direct comparisons between each cell of the interaction (all p-values >0.24). We then found a TMSxVALENCE interaction (F(1, 11) = 6.99, p = 0.023), as is illustrated in Fig. 4 . This was due, according to the HSD test, to the fact that with ineffective TMS the RTs to negative attributes were faster than those to positive attributes (p = 0.04). This difference was not significant when effective TMS had been applied over mPFC. All other main effects and interactions were nonsignificant (all p values >0.28). The mean values of RTs are reported in Table 2 .
ROI analyses In the first contrast in which we looked at effective TMS versus ineffective TMS, we found only one small region in the left angular gyrus (x = −39, y = −72, z = 26; n. of voxels = 9). Next, in the main contrast only in the ineffective TMS condition ([self + other] versus [object +syllable]) we identified seven ROIs. Their coordinates are indicated in Table 3 and illustrated in Fig. 5 . The 3-way ANOVAs yielded varying results, which are summarized in Table 4 . The experiment was designed a priori to test the effects of TMS on the referential reasoning network. Therefore, in the results of the ANOVA we focused only on the main or interactive effects involving the TMS factor. Two regions did not show any contribution of TMS to the modulation of the BOLD signal, the mPFC1 and the posterior part of the supragenual anterior cingulate cortex. One region, the mPFC2, showed a TMSxREFERENT interaction, illustrated in Fig. 6 , due to the fact that only with effective TMS the BOLD signal was reduced when performing the Bother^task as compared to performing the Bself^task (Bonferroni-corrected p = 0.03). The posterior cingulate cortex ROI was the only region to show a main effect of TMS, due to the fact that the beta scores were higher after effective TMS than after the ineffective TMS stimulation. The posterior cingulate cortex additionally showed a significant TMSxVALENCE interaction, illustrated in Fig. 7 . The relative post-hoc comparisons indicated that effective TMS, compared to ineffective TMS, resulted in an increase in the BOLD signal associated with negative valence (Bonferroni-corrected p = 0.01).
The left angular gyrus ROI and the left temporal ROI showed a very similar pattern of activation (Fig. 8) . They both produced a 3-way TMSxREFERENTxVALENCE interaction. The interaction was attributed to a selective effect of effective TMS on the SELF-NEGATIVE condition as demonstrated by separating the 3-way ANOVA in two 2 × 2 TMSxVALENCE sub-ANOVAs. Only the sub-ANOVA with data from SELF trials produced a significant 2 × 2 interaction in both the left angular gyrus ROI (F(1, 11) = 7.32, p = 0.02) and the left temporal cortex (F(1, 11) = 9.60, p = 0.01).
Finally, the post-hoc analysis indicated that the interaction was in both cases due to the SELF-NEGATIVE condition, in which effective TMS produced higher beta values than ineffective TMS in both the left angular gyrus ROI (Bonferronicorrected p = 0.008) and in the left anterior temporal ROI (Bonferroni-corrected p = 0.01).
General discussion
The principal finding of the present experiment is that 14 min of 1-Hz rTMS applied to the mPFC at adequate stimulation intensity are sufficient to produce a consistent change in participants' behavior, i.e. an increase in response times when processing negative attributes about the self or a close other. The effect is of considerable size, an average increase of about 60 msec, which was observed across participants (see Table 2 and the individual values in Fig. 4) . One limitation of the study was that we observed that the behavioral effects of rTMS correlated significantly with the distance between the TMS coil and the brain. Such distance was considerably more variable than in other parts of the scalp because of the interposition of the frontal sinus. The data indicated that the further the coil was from the brain, the less the effect was evident on RTs. While being a limitation of the design, this post-hoc finding provided an unexpected but compelling demonstration that the impact of rTMS on behavior was specifically due to cortical stimulation rather than to non-specific effects of rTMS.
To our knowledge, this is the first study to target with rTMS such an anterior region in the medial part of the frontal lobes and correlate the effects of rTMS with a measure of referential/affective reasoning. Our original intent in performing this study was to disambiguate the findings in the neuroimaging literature that indicate alternatively a role of the mPFC in self-other distinctions or in positive-negative distinctions (van der Meer et al. 2010 ). In our sample of participants, we observed effects on the affective dimension and specifically on the time needed to evaluate a negative attribute, to the self or to the others, thus providing evidence in favor of a more pronounced role of mPFC in affective coding rather than in self-other distinctions. These data fit well with neuroimaging findings in depression and rumination (Lemogne et al. 2012; Hamilton et al. 2011 ) that show that mood deflection is associated with stronger activity in mPFC. One intriguing possibility, also put forward in other studies (Moran et al. Fig. 5 Cortical regions (inflated brain, white and grey colors refer to sulci and gyri) in which activity was more related to self and other processing of information, resulting from contrasting self + other (positive and negative) versus object +syllable (q(FDR) < 0.01) in the ineffective condition (ineffective TMS). On the left there is the left hemisphere (lateral view on the top, and medial view at the bottom), and on the right there is the right hemisphere (lateral view on the top, and medial view at the bottom). For exact coordinates of the regions, see Table 3 2006; Beer 2007), is that anterior prefrontal cortex regions involved in executive control (De Pisapia et al. 2008) , conscious as well as unconscious (De Pisapia 2013) , might have a role in emotion regulation and suppression of negative information, in particular liked to anger, fear or anxiety. Several study describe a regulatory role for such anterior region, which acts as a top-down modulator of limbic and endocrine systems for the purpose of emotion regulation (e.g., Etkin et al. 2009 ). In our experiment, the Bvirtual lesion^of mPFC, a key component of this supervisory mechanism, could be interpreted as inducing in the participants a stronger effort specifically in the task to evaluate whether negative adjectives (e.g., Bchildish^, Bunpleasant^, Bspoiled^) were appropriate in describing them or a pre-specified close person. Thus the engagement of this area appears to contribute to the control and regulation of self/other related information, but with a particular orientation or effect on negative content.
In a similar vein, our findings can be interpreted also within the framework of the literature on the so-called Bmotivated attention^, namely the view that attention is more likely to be attracted to stimuli that have a motivational value compared to affectively neutral events. In this line of research, negative Table 4 Results of the ANOVAs on ROI values. The F-value is given followed by the p-value. stimuli (words, images, sounds) are consistently found to induce faster responses due to the higher saliency, driven by prefrontal cortex activity (Tucker and Derryberry 1992; Lang et al. 1997) . In this sense, the negative adjectives in the present experiment could be perceived as emotional and threatening, and thus triggering a heightened attention towards them. Our low frequency stimulation to mPFC might thus impair the processing advantage that is specific of negative attributes and therefore explain the significant delay in the timing to decide whether to self-attribute a negative traits or not. Within this interpretation, the increase of reaction time after effective stimulation that we found in our task can be paired to the findings of van Honk et al. 2002 , in which the authors found that 1 Hz TMS over the right PFC induced a reduction in attention for fearful faces, i.e., a reversal of the motivated attention effect. Concerning the self-other distinction, it should be kept in mind that a net behavioral effect of rTMS that is not selective for the self-other distinction does not necessarily indicate that the self-other dimension is not coded in mPFC, but only argues against an exclusive coding of self in mPFC. Such a result could in fact be due to the presence of two different neuronal populations, one coding for the self-oriented reasoning and the other coding for the hetero-oriented reasoning, with both affected by rTMS; this could account for the lack of specific effects on the referent. Also, our sample was rather small (14 participants): it is possible that with a larger population we might have obtained effects also in the self/other dimension. Further studies with larger samples of participants are required to clarify this issue.
The fMRI results indicate that the referential and the affective dimensions do not occur as two parallel and reciprocally independent categories in the brain, but rather seem to be strictly intermingled in the mPFC and in the other cortical nodes of the related network. In this respect the results of the whole-brain hemodynamic analysis are quite straightforward. Inducing a neuromodulatory input (rTMS) in one node of the network (the mPFC) on average affected activity in other nodes in the network. The majority of the BOLD changes in remote ROIs are consistent with the observed behavioral effects, i.e. they are changes related to the negative attributes, but with specific regional specializations within each ROI. The posterior cingulate cortex responded to mPFC perturbation only along the affective dimension, consistent with previous imaging studies on affective verbal stimuli (Maddock et al. 2003; Posner et al. 2009 ). The activity in the left angular gyrus and temporal cortex nodes was modulated by mPFC rTMS along the self-other axis, but only for negative attributes, with a preferential encoding of the self dimension. This is coherent with some studies finding that selfreflection may be used in social cognition to infer the mental states of others (Mitchell et al. 2005) . This is also coherent with the view that the anterior prefrontal cortex is involved in prioritizing processing of threat or anger during motivated attention situations. An impairment of this prefrontal role due to the 1 Hz rTMS could somehow allow more posterior cortical regions (left angular gyrus and temporal cortex) to show an increased activity specifically for negative adjectives. On the other end, a perfectly functioning mPFC performs the role of producing and attentional and ultimately behavioral advantage in the processing of negative stimuli, with an effect that does not remain confined to this region, but connects to several distant cortical areas, possibly biasing the elaboration of this information in the search of a faster solution to deal or cope with it. On the other end, this complex set of results should not be interpreted in the strict sense, i.e. for example that the left angular gyrus only encodes negative-self attributions. On the contrary, the key to interpret these findings is that the quality of neuromodulation in mPFC has set the tone (in this case the exclusive effects on negative attributes) to the rest of the network, which responds accordingly.
Conclusions
In conclusion, our behavioral data indicate that one main function of mPFC is that of processing affectively charged attributes, and in particular negative attributes. Also the imaging findings alone, though lacking the possibility of causal inference that is provided by the rTMS-behavioral dataset, support a specialization of the mPFC in the affective domain. Additionally, our results seem to suggest that mPFC is possibly involved in processing both self vs other relevant information, coherently with the interpretation that information processing about oneself might be instrumental to interpret information about the others (Mitchell et al. 2005) .
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